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INTRODUCTION

This progress report covers the period from 1 June
_ through 30 June 1967. The financial information included in
this report is for the entire contract period from 2 November

1966 through 31 May 1967.
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PROGRESS DURING THE PERIOD

Color Image Assessment - Analytical Aspects

" The approach"to the research investigation of color image assessment has now
been sufficiently well defined to permit a flow chart fo be prepared that outlines the
different sub-tasks contributing to the accomplishmént of the final goal. This flowchart
is shown in the figuré . At the present time there are no iciéntifiable probiem areas that

will prevent completing these tasks within the present contract period and funds.

During this report period computation techniques have been developed that incor-
porate the degree of sophistication required to handle the color image assessment prob-

lem. These techniques will now be described in some detail,

A radiant analytical weighted (RAW) exposure computer program has been devel-
oped to predict'the maximum exposure given to each layer of the color film. This com-
putation takes into consideration the spectral qualities of the light source, the filtration
and the spectral signature of the reflecting object. With this program our sensitometer
has been recalibrated to provide RAW exposures for Ektachrome daylight type original

matefial and Ektachrome camouflage detection film.

. A direction cosine computer program‘ was completed and tested during the report
period, This program checks the spectral orthogonality of the individual microdensitom-
eter channels and may also be utilized in testing the orthogonality of individual dyes in a
given color film. Knowledge of the dynamic range over which the direction cosine be-

tween two dyes is constant permits an analytical expression to be written over that range.

A new type of combined ensemble averaging and granularity program has also been
developed. Among the features of this computer program are user-specified sample
length and automatic output of the mean and standard deviation when a change is detected
in the mean of the population being scanned. This program is designed for use with

either long, continuous records or raster scans without operator intervention.

During the report period work was begun on writing a subroutine for the deter-
mination of cyan, magenta and yellow analytical filter densities. This is a straight-
forward matrix multiplication routine that takes trichromatic densities from a given set
of coordinates and maps them into analytical densities through the relationship
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where A ~ is the inverse of the dye system calibration matrix. The direction cosine
dye analysis will indicate the dynamic range over which the matrix is valid. The numer-

ical evaluation of the A mapping matrix has been initiated with the separation of dyes
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from the color tripeck by selective exposure.

A computer program for convertmg the tape data from the Data Logger -

to IBM/360 code has been. completed A detailed description of this program is included
in the Appendix.

The theoretical work ‘required to implement the color effective exposure concept
has been corripleted, and a start has been made in the programming and development of
calibration techniques for the effective exposure system. This system, where operative,

}//illautomatically correct the exposure tables for each emulsion of the integral tripack,

depending on the color of the object being scanned. This procedure is necessary since
research to date indicates that the characteristic curves of color transparency materials
change as a function of the spectral properties of the exposing source. The possibility
exists that additional work on the concept evolved for handling effective exposure conver-~

sion may also provide a means for treating the spectral signature problem.

Color ITmage Assessment - Experimental Aspects

The effort to generate complete sets of red, blue and green sine waves continued:

during the report period and the set of green sine waves was completed.

The mercury-cadmium source was received but did not prove suitable for genef—
ating red sine waves because of its low intensity. This problem was not completely un-
expected. Preliminary test exposures using a He-Ne laser (6328 A) indicate that the
anticipated disadvantages of this highly coherent source can be overcome so that it can

be used to generate the red sine waves.

Neutral edges were exposed on SO-151 film and developed in the color Versamat.

Edges of various contrast were used, and an exposure series was made for each contrast.
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A xenon flash served as the light source for the edge exposures so that a good color
balance, approximating that of daylight, was expected. The edges turned out to be some-

what green in color but are still useful for an initial attempt at color edge analysis.

Part of the difficulty in obtaining accurate color correction may be the result of
reciprocity failure; in color photography reciprocity failure is more serious than in
black and white since corrective action during exposure and processing cannot be taken.

It is expected, howevei‘, that this problem will be overcome.

Grainless wedges were exposed on SO-151 film using a special frame constructed
for this purpose. In this context grainless wedges are defined to have no superimposed
granularity or, more simply, to have only the inherent granularity of the film on each

step of the wedge.

These wedges will be used to obtain an estimate of the granular noise at each ex-
posure level. A measure of the independence of the granular noise will be obtained by

computing the cross correlation function associated with each of the three color traces

/'/.,wand/gomparing it with the autocorrelation functions of the individual traces.

Reciprocity failure again contributed to a color balance error, especially in the

higher density steps. The wedges are still usable nevértheless.

-

WORK PLANNED FOR NEXT PERIOD

1, The computer programming effort will continue with the possibility

that the effective exposure generator for color materials will be

completed.
2. Completion of the data set for the red sine waves.
3. Grainless step wedges, and instructions for tracing them on the

trichromatic microdensitometer, will be delivered to the customer.
If results are unsatisfactory, the color balance problem will be

corrected.

4, If wedge traces are received from the customer, initial testing of

the effective exposure generator program will begin.
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5. Sine waves will be exposed on film in which two color sensi-

tive layers have been fogged out.

" 6. Complex edge and comb targetry generation will be initiated
upon receipt of the target mirror that has been ordered. :
: STATINTL
FINANCIAL INFORMATION
Total amount authorized . .b .......... e e e e et e e e e
Total amount expended through May 31, 1967 .. ... e e e
“Total amount remahlihg as of May 31, 1967 . ...... e
Total man;ho,urs expended _thi‘ough May 31, 1967........ e
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APPENDIX

STATINTL | CONVERSION OF DATA TO IBM/360 DATA
: . ’ STATINTL

STATINTL | o |
There are going to be four kinds of information on the tape coming from the:

|:|digitizer. They will occur in two kinds of blocks, ID blocks and data blocks. An
STATINTL

ID block is defined as a block which is 72 characters long and which begins with the
:lcharacters ++ or +4 (b = blank). :lcharacters are defined in th&STATINTL -
write-up on the digitizers. As far as the IBM/360 is concerned, the + character is the
hexadecimal character x'10', and blank is x'30', before they are translated to the IBM/
360 character set. ‘A'ny_ block which does not begin ++ or + b is defined to be a data

block, regardless of its length.

STATINTL An 1D block is translated from code to IBM/360 code (EBCDIC), printed

on the printer, and mqved'to the first 72 bytes of the next disk output record. If IDblocks
occur amidst the data, the current output data block will be filled out with the value -1.

- /Ap.ID block éan be recognized by the FORTRAN program when reading from the disk be-

e

cause the first word of the block will have an integral value greater than 109. The FOR-
TRAN programmer can have access to this block either by reading it again under FORMAT
control or by displaying it on the printer or console. Since it is not conveniently possible
to read data beginning in the middle of a block, each ID block read will be written ondisk
as a separate disk record. In order to assure enough space to write each ID block, a
minimum disk file block length of 18 words, or 72 bytes, is required. The maximum
block length is limited by FORTRAN to 1,600 bytes or 400 words. Any convenient block
size in this range may be selected, but it is well to remember that if many ID blocks are
expected, shorter blocks will waste less space. If ID blocks will be infrequent, longer
blocks waste less space because of the smaller number of space-consuming interblock
gaps. In any case the block length should be a multiple of three words (12 bytes) for

reasons which will be apparent from what follows.

STATINTL A normal data block on the :ltape is 720 characters long in the form of
90 eight-character words. Truncated blocks may be shorter but will always have an
integral number of eight-character words in them. The accumulation of data will begin

immediately following the reading of the last ID block, and the data will be copied to the
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disk beginning at the nineteenth word of thé block currently in use. There are three
recognizable fypes of data, andreach will be written on the disk in a similar fashion. All
data will be written in three-word groups. Normal density information will be written
STATINTI2s integral | |Density Units"* , one density value to a word, three words to a
group. If data is not taken for the second or third word of a group, the value -1 will be
inserted in the space remaining so that an integral multiple of three words will be written.
Incoinplete blocks will likewise be filled with -1's, as explé:ined above, when ID blocks
are encountered. As data is being recorded, it will frequently happen that a coordinate
block will be encountered. Generaily speaking, there will be two such blocks per .scan.
At the beginning'of' a scan. tﬁe x- and y coordinates of the point where the first density
value recorded was meas‘u‘red are written on the tape. At the end of a scan the x and y
coordinates are again recOrded, but they do not necessa_rily correspond to the location
of any point where density \;zas measured. For convenience in differentiating between
coordinate values and density values, the first word of a group of three words contain- -
ing coordinate data ‘jwiil have the magnitude 1,000,000. The beginning-of-scan coor-
dinates will be preceded by +1,000,000, and the scan-interrupted coordinates will be
preceded by -1,000.,000. The second word of a coordinate group will contain the value
of X (as an integer) and the third word will contain the value of Y. Density data will be
placed in succeeding groups of three words in the output block until the block is full or

the data are exhausted, just as though no coordinate information had been encountered.

The possibility exists of more than one file of dafa being written on a single tape.
For this reasoﬁ, each time a tape mark is encountered, the operator is given the oppor-
tunity of terminating the run. In addition, if two consecutive tape marks are read, or |
if an ID block of the form "++PPENDHOFITAPE" is encountered, the run will be ter-

minated. Individual files may be selected from a multi-file tape by use of the control

STATINTE

*

A | |Density Unit'" is the value of one bit in the 10-bit binary value

STATINTL written by the |Data Logger. Its value in terms of standard photo-

graphic density Is nof well defined.
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card "//BMTCHFSF,SYS004,nn", where "nn' is the number of tape marks it is desired
to by-pass before beginning to read the tape. By writing tape marks down the length of

a tape before recording on it, or by writing several tape marks ad lib after the run, it

can be assured that the program will not translate any invalid data.

Information about this and other control cards can be obtained from the manual
"IBM System/360 Disk Operating System: System Control and System Service
Programs'.
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